Expression of the lower catabolic pathway of the TOL plasmid pWWO requires an aromatic acid inducer and the product of the xylS regulatory gene. Pseudomonas putida cells transformed with a plasmid containing the operator-promoter region of the lower pathway (OP2 [or Pm]), upstream from the catechol 2,3-dioxygenase structural gene, showed enzyme induction in the absence of known TOL plasmid regulatory genes. Induction was not seen in transformed Escherichia coli cells or in a P. putida mutant lacking chromosomally encoded benzoate catabolic functions.
moter region of the lower pathway, OP2, is sufficient for benzoate induction in the absence of known plasmid regulatory genes and that this phenomenon is species specific. This latter phenomenon suggests that a chromosomal gene product interacts with benzoate to promote induction from the OP2 region of the TOL plasmid. Evidence is presented here which suggests that this may be a protein involved in regulating the chromosomally encoded benzoate dioxygenase gene(s).
Experiments were performed with P. putida strains PRS2000 (also known as A.3.12) (30) and mt-2 (22, 31, 33) and Escherichia coli AC80 (5) . A derivative of mt-2 cured of the TOL plasmid pWWO and a benzoate-(Bnz-) derivative were obtained from Peter Chapman, University of Minnesota, Minneapolis. The cured mt-2 derivative was selected after serial transfer on a nonselective medium as a white colony upon exposure to m-trifluoromethylbenzoic acid (P. Chapman, manuscript in preparation). The "cured" strain retained an approximately 78-kilobase (kb) plasmid which showed no homology to regions of the TOL plasmid containing the meta-cleavage pathway. A Bnz-derivative was selected after exposure of the cured strain to 2-fluorobenzoic acid. Spontaneously derived colonies able to utilize 2-fluorobenzoate were passaged on a nonselective medium, and several spontaneously lost their ability to utilize both benzoate and 2-fluorobenzoate. 6 .0-kb HindIII-EcoRI fragment. Plasmids pUC18 and pEPA28 are essentially identical for the purposes of these studies and differ mainly in the orientations of their multiple-linker sequences. Further details are provided in the text. Restriction endonuclease cleavage sites include BamHI (B), EcoRI (E), HindlIl (H), PstI (P), Sall (S), and SphI (Sp).
Only relevant sites are shown.
Techniques for DNA isolation and purification (23) , rapid cell lysis for visualization of recombinant plasmids (23), agarose gel electrophoresis (4), and P. putida (1) and E. coli (6) cell transformations have been recently described. Transformed cells were selected on L agar (23) with 100 ,ug of ampicillin per ml (E. coli) or 2,000 ,ug of carbenicillin per ml (P. putida). DNA restriction endonuclease cleavage and ligation were performed as recommended by the suppliers (Boehringer Mannheim Biochemicals, Indianapolis, Ind., or Bethesda Research Laboratories, Inc., Gaithersburg, Md.).
Catechol 2,3-dioxygenase (C23DO) catalyzes the extradiol conversion of catechols to yellow muconic semialdehyde products. Because of this catalysis and the ease and inexpensiveness of activity measurements, C23DO has been used frequently as an indicator of promoter strength and activity. A 2.0-kb BamHI-XhoI fragment from pTS71 (16) carrying the promoterless xylE gene was subcloned to the BamHI-SalI sites in the multiple-linker sequence of pEPA28 to form plasmid pEPA53 (Fig. 1) . The promoterless xylE gene was excised as a 2.0-kb BamHI-HindIII fragment from pEPA53 and ligated into the BamHI-HindIII sites of the broad-host-range vector pRO1614, inactivating the tetracycline resistance determinant (Fig. 1) . The resultant plasmid, pEPA52, carried the xylE gene in an orientation that avoided gene expression from known plasmid promoters.
The OP2 operator-promoter region was isolated as a 401-bp PstI fragment (24) from plasmid pPL392xyIL2034;: TnJ000 (11, 12) and was subcloned into PstI-cleaved pUC18 (Fig. 1) . The orientation of the insert in pEPA72 was such that OP2-directed transcription would proceed toward the BamHI site in the vector. The OP2 region was excised from pEPA72 as a 416-bp BamHI-SphI fragment and was subcloned into plasmid pEPA52 cleaved with BamHI and partially with SphI (Fig. 1) . Plasmid pEPA77 contained the OP2 region upstream from the promoterless xylE structural gene.
The xylS regulatory gene was obtained as an approximately 6.0-kb HindIII-EcoRI fragment from plasmid pPL392xylL2034::TnJOOO. This fragment was subcloned into the HindIII-EcoRI sites of pEPA77 and formed pEPA84 (Fig. 1) .
Transformed cells were grown in lactate (0.2%) minimal medium with the appropriate antibiotic and were supple- (3). P. putida PRS2000 cells transformed with plasmid pEPA77 that were grown in minimal medium with lactate and benzoic acid showed an approximately 30-fold increase in C23DO activity compared with those grown in lactate alone (Table 1) . A smaller (threefold to fourfold) increase in activity was seen in cells grown with m-toluic acid; no induction was seen when p-toluic acid.or 3,4-dimethylbenzoic acid was added to lactate-grown cell cultures. PRS2000 cells transformed with pEPA52 exhibited no induction under any growth conditions. This fact demonstrated that the 401-bp fragment was sufficient for benzoate-dependent gene expression from the OP2 operator-promoter region and that the xylE fragment does not contain a benzoate-inducible promoter. PRS2000 cells transformed with pEPA84 (containing the xylS regulatory gene) showed the expected high levels of induction when grown with all of the aromatic inducing compounds (Table 1) . Benzoate-induced levels were similar in pEPA77 and in pEPA84-transformed PRS2000 cells.
Benzoate-induced gene expression from the OP2 region was species specific. C23DO activities in E. coli AC80 cells transformed with pEPA77 were not increased by growth with any aromatic compound used in this study (Table 1) . However, induction was seen with pEPA84-transformed cells grown in the presence of the aromatic inducing compounds.
The species specificity of benzoate-dependent gene expression from the 401-bp fragment containing the OP2 operator-promoter region suggests the involvement of a chromosomally encoded gene product. A (2) . This is thought to be due to an increased growth rate imparted to the organism through use of the chromosomally encoded orthocleavage pathway for benzoate catabolism, coupled with a supposed decrease in maintenance energy requirements from loss of a large plasmid and from redundant benzoate catabolic-pathway enzymes. Presuming that the proposed benzoate-dependent chromosomal activation of OP2 has no role in plasmid curing, we can ascribe no physiological significance to the interaction of a benzoate-induced, chromosomally encoded protein with the OP2 region. Rather, chromosomal benzoate-dependent activation of the OP2 region may indicate, at the least, that OP2 has a chromosomal origin and that this origin is associated with the benzoate dioxygenase gene(s).
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